The effects of some processing and extraction techniques on the tannin content and antioxidant activities of Sorghum bicolor (Linn) were evaluated. The ethanolic, methanolic and water extracts from the sorghum seeds were assessed after being fermented, or oven-dried for 0 (OVD-0), 30 (OVD-30) and 60 (OVD-60) mins, along with those of the chaff collected after fermentation, and the unprocessed sorghum (control). Tannin, total flavonoids, total phenol, polyphenol contents and 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging analysis were determined. All the processing techniques combined with the extraction methods significantly reduced (p<0.05) the tannins. OVD-30 combined with methanol extraction, and all the oven-drying techniques combined with aqueous extraction significantly increased (p<0.05) the flavonoids contents. Flavonoids levels in other methanol extracts and the ethanol extracts of sorghum seeds subjected to oven-drying methods were reduced significantly (p<0.05). The amount of phenolic extracted with both ethanol and methanol significantly increased (p>0.05) during the period of oven-drying. The phenolic contents in the seeds were reduced significantly (p<0.05) when extracted with an aqueous solution. The amount of polyphenols was increased significantly (p<0.05) by ethanol extraction when treated with air-drying (OVD-0). The DPPH scavenging activity was increased significantly (p<0.05) by the processing methods when subjected to either aqueous or methanolic extraction. Fermentation and oven-drying are a highly effective method of reducing the anti-nutritional factors of sorghum. Therefore, the therapeutic values of the processed sorghum seeds may be improved during consumption.
INTRODUCTION
Sorghum (Sorghum bicolor (Linn.) Moench) belongs to the Poaceae family and is the fifth (5 th ) amongst the most vital cereal such as wheat, rice and barley. It is one of the most well-known and widely cultivated crops worldwide. Currently, different types of species of the grain have been described. These include sweet sorghum, grass sorghum, grain sorghum, forage sorghum, biomass sorghum, sorghumSudan grass hybrids (Sorghum bicolor x Sorghum bicolor var. sudanense), Sudan grass (Sorghum bicolor ssp. drummondii) and broomcorn 1,2 . Sorghum is mostly found in the sub-tropical and tropical region of all continents apart from Antarctica. Sorghum can easily adapt to warm, hot and even dry agro-ecologies. It is the cheapest source of energy, providing above 80 % of energy for human and animals especially in the developing countries. Countries like USA, China, India, Nigeria, Mexico, Argentina, Sudan and Egypt are the top of the global production chart of sorghum 3, 4 . Sorghum is usually consumed either after it has been processed into flour or as a grain during preparation of traditional meals such as bisi (popped sorghum), ugali (fermented porridge), uji (unfermented porridge), buns (fermented or unfermented dough), chapatti (flat bread), pombe (alcoholic beverage) and a non-alcoholic beverage, known as togwa 5 .
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Sorghumis characterized by abundant sweet juice in the stalks that are used as a potential source of sugar and multipurpose industrial crop 6 . Sorghum is also useful commercially in breweries for fermented beverages, beer and malt production 7 . Some particular hybrids of sorghum (sorghum-sudangrass) are highly palatable and valued as forage crops. Sorghum is a great source of energy, carbohydrates, proteins, minerals and vitamins, which includes iron, potassium, magnesium and phosphorus in different quantities 8 . The difficulty in processing sorghum, and its low food/nutritional value (12 % protein, 3 % fat and 70 % carbohydrate) due to the high tannin contents, which occur in the seed coats of brown sorghum grains are some the few drawbacks of sorghum utilization 5 . Numerous nutritional and therapeutic values of sorghum as a plant has been reported 9 . These benefits had been linked to the presence of some nutrients and bioactive molecules present in sorghum 10, 11 . Sorghum is usually subjected to processing methods that include but not limited to malting, fermentation, sprouting and genetic modification due to the relatively low nutritional value because of the formation of complexes between the anti-nutritional factors and food ingredients 12 . The effects of combined sprouting and fermentation on five varieties of sorghum was earlier reported to improve protein digestibility of sorghum seeds 13 . There is need to examine the extent at which these benefits are available during consumption since the seeds are not eaten raw as it is in nature but subjected to processing like fermentation or heating and drying to improve the nutritional profile, reduce anti-nutritional factors and improve the antioxidant content of sorghum 14 . This study focused on determining the effects of these relevant processing methods during different extraction techniques on tannin and the antioxidant status of the sorghum seeds.
EXPERIMENTAL Chemicals
The methanol, ethanol, sulphuric acid, Folin Ciocalteure agent, tannic acid, sodium hydroxide, gallic acid, sodium carbonate, alcohol ferric chloride, potassium chloride, hydrochloric acids, 2,2-diphenyl-1-picrylhydrazyl (DPPH) used in this study were obtained from Sigma Corporation, USA and are of analytical grade.
Collection and Preparation of Sorghum Seeds
The sorghum grains were directly purchased from a local farm in Oyo State, Nigeria (7°19'60" N and 4°4'0" E). The preparation and cleaning process was carried out as described by Afolabi, Jolaoluwa, Amosun, Awogbindin 10 .
Processing of Sorghum Seeds
The collected sorghum seeds were processed into fermented, chaff and oven-dried sorghum while the finely ground sorghum seeds without any form of processing that served as control. For the fermented sorghum, the fermentation process was carried out as described by Afolabi, Jolaoluwa, Amosun, Awogbindin 10 . The filtering and oven-drying of the resulting extract for 6 hours at 40 0 C produced the dried fermented sorghum seed sample. Following the fermentation process, the chaff (or seed coats) obtained after filtration was oven-dried at 40 0 C for 6 hours to give the ordinary sorghum chaff sample. The oven dried sorghum was made by soaking an aliquot of 400 ml of finely ground sorghum seeds in 800 ml of water at room temperature for 12 hours. The samples were then divided into four portions and dried 15 . The sorghum samples (OVD-0) were mainly air-dried at ambient temperature (26-35 0 C) for a period of 2-3 days while the remaining portions of the sorghum seeds were oven dried at 100 0 C for 30 minutes (OVD-30), 60 minutes (OVD-60) and 120 minutes (OVD-120) before analysis.
Procedure for Preparation of Sorghum Extract
An aliquot of 10 ml of the appropriate solvent (methanol, ethanol and water) was added to 0.5 g of sorghum seed sample in a 50 ml centrifuge tube, the sample solution was kept in a shaker for 2.0 hours at 100 rpm. The solvent extracts were thereafter incubated overnight at -20 0 C. The centrifugation of the extracts was done at 700 x g for 10 minutes before subjecting the samples to analyse. The three different samples were stored in the dark at -20 0 C until further biochemical analysis following the procedure of Awika, Rooney, Wu, Prior, Cisneros-Zevallos 16 .
Determination of Total Tannin Content
Total tannin content was assayed as described by Prabhavathi, Prasad, Jayaramu 17 . An aliquot of 3.75 ml of distilled water was added to 0.5 ml of sample, following this was the addition of 0.5 ml of sodium carbonate solution (35 %). The sample absorbance was measured at 725 nm, and the concentration of tannin was extrapolated from a prepared standard graph of tannic acid (R 2 = 0.9714).
Determination of Total Phenol Content
Total phenol content was assayed as described by Afolabi, Ofobrukweta 18 . An aliquot of 0.8 ml of FolinCiocalteu reagent was added to 0.2 ml of the sample in a test tube, followed by the addition of 2.0 ml of sodium carbonate solution (7.5 %), and 7.0 ml of distilled water. The sample mixture was incubated in the dark for 2 hours. The sample absorbance was measured at 765 nm and the concentration of total phenol was extrapolated from a standard graph of gallic acid (R 2 = 0.9997).
Determination of Total Flavonoid Content
Total flavonoid content was assayed as described by Devi, Kumar, Das 19 . An aliquot of 0.5 ml of the sample was mixed with 1.5 ml of ethanol (95 % purity), followed by the addition of 2.8 ml distilled water, 0.1 ml of potassium acetate solution (1.0 M) and 0.1 ml of aluminum chloride hexahydrate solution (1.0 M). The sample mixture was allowed to incubate in the dark for 40 mins at room temperature. The sample absorbance was measured at 415 nm, and the concentration of total flavonoid was extrapolated from a standard graph of quercetin (R 2 = 0.9947).
Determination of Free Radical DPPH Scavenging Activity
The procedure described by Liu, Zhang, Yang, Xu 20 was used for the determination of free radical DPPH antioxidant value. An aliquot of 2.9 ml of DPPH-methanol solution (1.0 mg/mL) was added to 0.1 ml of sample. The sample mixture was allowed to incubate for 30 minutes at 25 0 C. Methanol was used as a blank. The absorbance of the sample was measured at 517 nm, and the concentration of DPPH value was extrapolated from an L-ascorbic acid standard graph (R 2 = 0.9967).
Procedure for Determination of Total Polyphenol Content
The procedure described by Afolabi, Ofobrukweta 18 was used to assay for total polyphenol content. 5.5 ml of water was mixed with 0.5 ml of sample extract and 0.5 ml of Folin-Ciocalteu reagent was added. The solution was left standing for 30 minutes. After that, 0.5ml of standard sodium carbonate solution (2.139/ml) was added and the sample mixture was incubated at 37 0 C for 60 minutes. Catechol was used as a standard. The absorbance of both standard and samples was measured at 700 nm. The total polyphenol concentration was extrapolated from a standard graph (R 2 = 0.8398).
Statistical Analysis
All experiments were carried out in triplicate. The mean ± standard error of mean values and the statistical significance of the results were determined by one-way ANOVA using GraphPad Prism variant 5.00 for windows statistical package (GraphPad Software, USA). The significant values were those with P<0.05 confidence level.
RESULTS AND DISCUSSION
This study was carried out to measure the effects that processing techniques on sorghum, as well as the effects of solvents such as ethanol, methanol and water on the optimal antioxidant benefits of sorghum.
Total Tannin Content
In our study, the levels of tannins were significantly reduced (p<0.05) by fermentation and the ovendrying process of sorghum seeds (Fig.-1) . Although, tannins extracted with methanol were more preserved from destruction by fermentation, and the increasing period of oven-drying up to 120 mins. This preservation pattern was less efficient when the tannins from the sorghum seeds were extracted with ethanol and water for 30-60 mins. Fermentation and oven-drying method of processing sorghum seeds facilitated the general reduction in the value of antinutrients tannins (Fig.-1) . methanol were minimally destroyed by fermentation, and as the period of oven-drying was extended from 30 mins to 120 mins. This reduction pattern was conspicuously observed for tannins extracted with ethanol, and the aqueous solution for a period of fewer than 120 mins. Processing techniques such as soaking and fermentation were reported to be the best for complete removal of tannins in sorghum, which contains condensed tannin with no traces of hydrolysable tannins 21, 22 . Sorghum containing tannins reduces calorie in the body and therefore reduces body weight in animals 23, 24 . The lower the quantities of tannin in sorghum, the higher the nutritional value of the sorghum. Tannins are known to bind to and lower the digestibility of different nutritional values and negatively affecting the productivity of animals 21, 25 . 
Total flavonoid content
The flavonoids levels of ethanol and the ethanol extracts of sorghum seeds were significantly reduced (p<0.05) by oven drying (Fig.-2) . This reduction, enhanced progressively with the extension of the period of drying when extracted with methanol. Also, the reduction was noted only at 120 mins of drying when extracted with ethanol. Also, the amount of flavonoids extracted was highest in methanol extracts of 30 mins oven-dried sorghum seeds, followed by that of the chaff extracted with ethanol (Fig.-2) . This study has shown that flavonoids are best extracted in sorghum seeds when processed with 30 mins oven drying and extracted with methanol solvent, while ethanolic extraction alone is best for the seed chaff (Fig.-2) . Flavonoids are polyphenolic water-soluble molecules containing 15 carbon atoms that are present in plants. They have various biological activities such as antioxidant, anti-inflammatory, anti-allergic, anticarcinogenic, anti-mutagenic and modulatory effects on enzymatic activities. Flavonoids possess high antioxidant activities that can protect the body system against free radical and other diseases such as arteriosclerosis and diabetes 9,26-28 .
Total Phenolic Content
The amount of phenolic present in sorghum seeds extracted with both ethanol and methanol significantly increased (p>0.05) with a progressive period of oven-drying. Also, the phenolic contents in the seeds were reduced significantly (p<0.05) when extracted with an aqueous solution (Fig.-3) .The extent of ovendrying has little or no effects on the phenolic recovered with an aqueous solution. Although, the amount of phenolic recovered was best enhanced when both the sorghum seeds and the chaff are mainly extracted with an aqueous solution (Fig.-3) . Also, the continuous increase in the amount of phenolic recovered, which depends on the duration of exposure to the drying temperature may be due to the breakdown of phenolic bounded to other macromolecules by the heat of drying 29 . Sorghum has been shown to contain an esterified form of total phenol that can only be extracted by alkaline hydrolysis, since they are bound
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with the cell wall component. This form is considered unavailable for absorption. Phenolic acids that are potentially bioavailable can increase the beneficial effects associated with consuming whole grains 23 . 
Total Polyphenolic Content
The amount of polyphenols present in the sorghum seeds was significantly increased (p<0.05) by ethanol extraction when treated with air-drying (OVD-0), and by aqueous extraction of the chaff (Fig. 4) . This study suggests that the polyphenols content in sorghum seeds has to be processed with air-drying to make them optimally soluble for extraction in ethanol, while those of the chaff is most soluble for recovery in water (Fig.-4) . Polyphenols are the most effective antioxidative component in plant foods,with red sorghum having a very high polyphenolic content among other grains 23 . Also, the seed coat has been proven to contain polyphenolic compounds that are combined with other flavonoids such as anthocyanin and anthocyanidin [30] [31] .
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DPPH Free Radical Scavenging Activity
The DPPH scavenging activities were reduced significantly (p<0.05) in the ethanolic extracts of the sorghum seeds when subjected to all the various processing methods (Fig. 5) . On the contrary, the DPPH scavenging activity was increased significantly (p<0.05) by the processing methods when subjected to either aqueous or methanolic extraction (Fig.-5) .This study reveals that optimal antioxidant ability to scavenge for free radicals can best be attained when the sorghum seeds are extracted with ethanol; when either the chaff or sorghum seeds subjected to air-drying is extracted with methanol; and when the seeds are fermented and extracted with an aqueous solution (Fig.-5) . Thus, the fermented sorghum seeds are most suitable for dietary purposes since the seeds are usually processed with water for consumption 32 . The latter two treatments are recommended for pharmacological and medicinal purposes. Higher antioxidant activities were previously reported in methanolic extracts of sorghum compared to other solvents 33 . The antioxidant activity and phytochemical properties of sorghum seeds contribute greatly to their health benefits. It reduces harmful effects by modification of enzyme activities and cell signaling pathways 33 . 
CONCLUSION
Processing of sorghum seeds with the aid of fermentation or oven-drying techniques effects modifications on biomolecules present in the plant food leading to the depletion of anti-nutrients, enhancement of the antioxidant status and health benefits. Also, optimal antioxidant benefits can best be attained when the sorghum seeds are extracted with ethanol; when either the sorghum seeds are subjected to air-drying or the chaff is extracted with methanol; and when the seeds are fermented and combined with extraction using aqueous solution. The fermented sorghum seeds are most suitable for dietary purposes since the seeds are usually processed with water for consumption. The two previous treatments are recommended for pharmacological and medicinal purposes.
